ABSTRACT: A 2-yr grazing performance study was conducted in Eastern Colorado to evaluate the effects of feeding raw cull beans ( Phaseolus vulgaris) or canola meal, compared to sunflower meal, to beef cows grazing dormant, native winter range on body weight and body condition score (BCS) change, reproductive performance, and calf performance. Ninety-five pregnant, spring-calving crossbred cows (541 ± 51 kg) in 1995 to 1996 and 65 cows (602 ± 60 kg)
Introduction
Protein supplementation is a common practice for many producers in the Northern Great Plains to minimize BW and body condition score ( BCS) losses of foraging cows during the winter (DelCurto et al., 1990a) . Protein supplementation increases forage intake and digestibility (Kartchner, 1980; DelCurto et al., 1990b) ; however, the response to supplemental protein can be minimal under certain conditions (Rittenhouse et al., 1970) .
Feed costs constitute up to 60% of the annual costs of cow production for many producers (Taylor and Field, 1995) , so finding a low-cost, locally available protein supplement is critical in many production systems. Sunflower meal has been shown to be effective in minimizing weight and condition score losses of beef cows in Colorado (Gray, 1995) . Limited data are available, however, on the efficacy of unprocessed cull beans or canola meal as protein supplements for wintering beef cows. Cull Great Northern beans ( GNB; Phaseolus vulgaris) could become an inexpensive by-product of the bean industry in years of overproduction. However, these beans have been found to impair nutrient digestion and absorption in swine (Myer et al., 1982) and to depress performance of ruminants on feeder diets (Willman et al., 1961; Williams et al., 1984) . The effect of the raw beans on the performance of foraging cattle is still unclear. It is hypothesized that feeding the beans in raw form as the sole source of supplemental protein may cause negative performance responses in cows grazing winter range.
The objectives of the study were to compare the effects of Great Northern beans and canola meal ( CM) to sunflower meal on BW and BCS change, reproductive performance, and calf performance when provided as protein supplements to cows grazing dormant winter range in Colorado.
Materials and Methods
Ninety-five pregnant, spring-calving, crossbred cows (541 ± 51 kg) were stratified by age, breed, stage of gestation, weight, and BCS and randomly allotted to one of five treatments (19 per treatment). Treatments were isonitrogenous and supplied 182 g/d of CP, except for the negative control, which supplied 91 g/d of CP. Treatments included unprocessed GNB, CM, a mixture of GNB and sunflower seed meal, each to supply one-half of the 182 g/d of CP ( MIX) , sunflower seed meal as a positive control ( SFM+) , and sunflower seed meal as a negative control ( SFM−) . The sunflower seed and canola meals were fed in pelleted form; the canola meal pellet included 14% cottonseed meal in order to make a pellet that would not crumble. The beans were cull beans purchased from Trinidad Bean, Sterling, CO, and were fed as whole beans. The nutrient content for Great Northern beans, canola meal pellet, and sunflower meal pellet can be found in Table 1 . Supplemental CP levels were increased from 182 to 273 g/d of CP (50% increase) approximately 30 d prior to calving (February 16, 1996) . As each cow calved, her supplementation rate was increased to 454 g/d of CP (another 66%) to account for increased nutritional demands. The increased protein at calving was supplied by added sunflower meal for the GNB treatment, because we anticipated a consumption problem with the increased level of beans.
The study was conducted from November 21, 1995 , until April 23, 1996 at the Eastern Colorado Research Center, north of Akron, CO. The topography ranges from nearly level to slightly rolling dunes. The range sites present in the pastures used include salt flats, deep sand, deep sand-choppy sand, and sandy plains. The quality of the dormant range forage, as measured by three ruminally fistulated cows in Janurary 1997, was approximately 5.8% CP and 45% TDN (DM basis). The average high and low temperatures during the trial in 1995 to 1996 were 10 ± 9 and −7 ± 8°C, respectively. The average wind speed was 4.4 ± 1.5 m/s. There were 11 d with reported snow cover during the experiment, and the snow depth on those days averaged 3.5 ± 2.1 cm.
The cows were rotated one time through each of three 325-ha pastures; the duration in each pasture depended on available standing forage. Forage species included predominately Blue grama ( Bouteloua gracilis) , Needleandthread ( Stipa comata) , Western wheatgrass ( Agropyron smithii) , and Prairie sandreed ( calamouifa longifolia) . The cows were grouped at 0800 three times weekly and fed their respective supplements in individual stalls. Supplement orts were collected and weighed so that exact supplement intake could be calculated. Animals were weighed and body condition scored at 28-d intervals until the initiation of calving, when the interval was reduced to 14 d to obtain a weight and condition score as near to calving as possible. Weights were obtained in the morning without restricted access to feed or water. Body condition scores were assigned by a trained technician on a 1-to-9 scale (Richards et al., 1986) .
As cows calved they were rotated to a fourth pasture that had been deferred until this time. A cow was fed the increased level of protein at the feeding immediately following calving and throughout the rest of the experiment. Calf weights were taken at birth, as the cows were weighed off-test in April, and at weaning in October. Cows were synchronized and bred by AI during the period of June 6 to 12, 1996. Bulls were turned in with the cows for 70 d following the AI breeding period. Subsequent first-service conception and pregnancy rates were determined by palpation at 60 to 90 d of gestation and verified with the following year's calving records.
The trial was repeated a 2nd yr using 65 pregnant, spring-calving cows (602 ± 60 kg) across the same five treatments (13 per treatment). The cows were taken out of the same pool of animals as the first trial, and they were stratified by age, breed, stage of gestation, weight, and BCS and reallotted to treatments. The same pastures were used as in the first trial and supplementation procedures were identical. Forage became limiting in the spring, so cattle performance was only measured through gestation (November 20, 1996 to March 6, 1997; yr 2). The average high and low temperatures during this period were 6 ± 8 and −8 ± 7°C, respectively. The average wind speed was 4.1 ± 1.7 m/s. There were 9 d with reported snow cover, averaging 4.0 ± 3.2 cm. The supplementation level remained constant during yr 2 at 182 g/d of CP, and the negative control remained at one-half of this level. Subsequent calf birth weights, weaning weights, and conception and pregnancy rates were determined. Because there was no lactation phase, a weight was not obtained for calves in April. All other methodology was identical to that in yr 1.
Year-one data were broken into a gestation phase and a lactation phase for each animal. The last weight and condition score taken before calving was considered off-test for the gestation phase, and the first weight and condition score taken after calving was considered on-test for the lactation phase. This alleviated any discrepancy in weight loss due to parturition. Gestation-phase data, calf birth weights, and weaning weights were pooled across years and analyzed by ANOVA using the GLM procedure of SAS (1990) . Treatment and year were the class variables, and calving date was used as a covariate for gestationphase daily weight change and daily BCS change. Cow on-test weight was used as a covariate for calf birth weight. All treatment × year interactions were tested. Lactation-phase daily weight and BCS change data from the 1st yr were modeled the same way as the gestation-phase data, using calving date as a covariate. Calf weights taken in April of 1996 were analyzed with calf age as a covariate. Means were compared using the LSD test (Steel and Torrie, 1980) when the overall F-tests were significant ( P < .05). First-service conception to AI and pregnancy data were pooled across years and analyzed as categorical data using PROC GENMOD in SAS. Treatment × year interactions were tested.
Results and Discussion
Data from all of the 95 cows that started the trial in 1995 to 1996 (yr 1 ) were included in the analyses for gestation performance. Lactation performance and calf data from two cows on the SFM+ treatment were removed because their calves died shortly after birth. The calves' deaths seemed to be unrelated to treatment. Data from two more cows in yr 1 (CM and SFM− treatments) were removed from analyses for lactation performance and calf summary statistics because they did not calve during the trial. Data from an additional four cows, one from the SFM− group, one from the CM group, and two from the MIX treatment, were removed from analyses for lactation performance because they calved immediately prior to the end of the trial. In 1996 to 1997 (yr 2), data from one cow on the CM treatment and one on the MIX treatment were not included in gestation performance because they calved prior to the end of the trial.
All cows lost weight and condition during gestation throughout both winters of supplementation (Table  2) . It is important to note that gestation-phase BW change per day was calculated using off-gestation weights taken immediately prior to calving compared with on-test weights taken in November, and thus fetal weight and fluids masked some of the weight loss experienced by the cows. The gestation data compiled across both years indicated that the cows provided the SFM− supplement had more daily weight loss during the gestation period than cows on all other treatments ( P < .05). This positive response to protein supplementation, an added 91 g/d of CP in this case, agrees with reports of DelCurto et al. (1990a) and Guthrie and Wagner (1988) . Akhtar (1993) reported a similar weight response at the same experiment station with .45 kg/d of CP vs .23 kg/d of CP, and maintenance of body condition was improved by added protein. No differences were detected in BCS change throughout the gestation period in this study. There were no differences detected between treatments for average daily BW or BCS change during lactation in yr 1 ( P > .8), and no difference in calving date (data not shown; P = .19) or duration of the lactation period (data not shown; P = .3). The SFM+ group had positive weight changes throughout the lactation phase, however, and the SFM+ and CM groups had positive BCS changes.
There were no differences among treatments for calf birth weight ( P = .9), but calves from dams on the SFM+ and CM treatments had heavier weights in April than calves from dams on the GNB and SFM− treatments ( P < .05; Table 2 ). Likewise, calves from cows on the CM treatment were heavier than calves from cows on the MIX treatment ( P < .05). It is possible that source or level of protein affected milk production of the cow (Petersen et al., 1995) , yet these differences were not detected at weaning ( P = .9).
No treatment × year interactions were detected for first-service conception ( P = .6) or pregnancy rate ( P = .3), and no differences were detected among treatments when data were pooled across years ( P > .5; Table 3 ). Reproductive efficiency can be an accurate measure of nutritional status (Randel, 1990) and is one of the most important criteria for beef cattle producers. Accurate measures of supplementation effects on reproductive efficiency may require larger numbers of cows per treatment than were used in this study. Cows in this study calved at an approximate BCS of 4 (data not shown), and the average first-service conception and pregnancy rates for all cows were 60 and 91%, respectively. Contrary to reports of others (Richards et al., 1986) , cows exhibiting a BCS below 5 at calving did not seem to suffer poor reproductive performance. In addition, cows on the SFM− treatment did not exhibit negative reproductive performance compared with those on the SFM+ treatment, indicating no response to protein supplementation. Likewise, DelCurto et al. (1990a) found reproductive efficiency to be unaffected by protein level. The lack of response by supplemental treatments and the unexpected high pregnancy rates may be partially explained by the fact that AI synchronization and breeding did not occur until June during both years. The cows had approximately 45 d on new spring vegetation before breeding, which could have potentially alleviated some negative winter performance. Houghton et al. (1986) found that positive BW and BCS changes 30 d prior to breeding increased reproductive performance.
The only negative effect of the GNB treatment was on April calf weights in yr 1, and this difference was not apparent at weaning in September. The literature on swine reports that lectins, protease inhibitors, and other antinutritional factors in beans can potentially depress animal performance (Myer et al., 1982; Luce et al., 1989) . The fate of lectins and protease inhibitors in ruminants is not clear. Nevertheless, work with ruminant feeder diets has shown beans to depress intake, cause scours, and depress animal performance (Willman et al., 1961 (Willman et al., , 1984 . Willman et al. (1961) reported digestive disorders in lambs fed high levels of beans. No digestive disorders or scours were noticed in cows consuming the beans in this study.
Intake of beans was lower than consumption of the other supplements. Because the supplements were fed three times per week, the amount offered per feeding was relatively large. For example, .9 kg of beans was fed at each offering at the 182 g/d CP level. During yr 1, 3 of the 19 cows routinely refused 50 to 90% of the beans offered per feeding. Another three cows sporadically refused 5 to 40% of the beans offered per feeding. In yr 2, 38% of the cows on the GNB treatment refused greater than 30% of the total beans offered to them. Three of the 16 cows refused 30 to 45%, one cow refused 60%, and another cow refused 89% of the beans offered. The cows that refused the beans in yr 1 were not allotted to the GNB treatment in yr 2 (by chance), so the refusals were from different animals. Feeding the beans with sunflower meal in the MIX treatment eliminated the consumption problem. With the exception of the GNB treatment, very minimal refusals were recorded for any of the treatments. Clearly, feeding raw cull beans as the sole source of supplemental protein can result in feed refusals. As mentioned previously, the cost of supplementation, combined with performance results, should be considered when designing supplementation protocols. The primary challenge for any producer is to find the most economically efficient protocol that will yield the desired results in animal performance (Table 4) . The SFM− and GNB treatments were the least expensive, costs for SFM+ and CM were the highest, and the MIX treatment cost was in between those of SFM+ and GNB. The economics behind the feeding of raw cull beans was the primary reason they were tested in this experiment. The beans, with 22% CP, offer potential as a protein supplement to wintering cows in the Great Plains. However, if lack of consumption of the beans is accounted for, the actual cost of the supplement increases. This would be a much greater concern if higher levels of supplementation were desired.
In summary, canola meal provides an adequate supplement to beef cows grazing native winter range. Great Northern beans, fed as raw cull beans in relatively small amounts, do not negatively affect performance of foraging beef cows, but they are not a palatable supplement to many animals. A mixture of the beans and sunflower meal seems to be a low-cost, effective supplement.
Implications
Producers, nutritionists, and feed manufacturers must know the nutritional value of protein sources that may become economically advantageous during certain years. Canola meal and raw cull beans are potentially economical and effective protein supplements to beef cows grazing winter range. In years when these products are inexpensive compared with other protein sources, their incorporation into supplementation protocols may be biologically and economically valuable. Potential palatability problems with raw cull beans are a concern, yet different degrees of processing and(or) combination with other feeds may yield profitable results. More investigation of the use of these protein sources in production systems is warranted.
